Abstract--The interaction of telone with acid and base saturated montmorillonite furnished adsorption isotherms which possessed combined features of H (high affinity) and C (linear rising) class isotherms; a fall in pH, an increase in electrical conductivity and formation of chloride ions. The observations were indicative of a process of chemisorption, both at the planar and lateral sites of montmorillonites, followed by penetration and swelling of the substrate micropores with telone. A reaction mechanism for the process of chemisorption has been proposed.
INTRODUCTION
The importance of a study of the retention of complex pesticidal organic chemicals by soil clays is well understood. Excellent studies on adsorption of pesticides have been made by Bailey (1971) , Bailey et al. (1970) , Nearpass (1965) and others. C1 1,3-dichloropropene, ~ ~CH---CH2---C1 (tel-/ H one) is widely used as a nematocide (Taylor, 1951) . It is a cationic molecule with one chlorine bound in allylic position and the other in vinylic position. Therefore there is a possibility of its interaction with ion exchangers. Clays provide sites for ion exchange reactions, van der Waals interactions, hydrogen bonding, strong dipole attractions, solvation of cations by polar molecules, ligand exchange and charge transfer reactions (Mortland, 1970; Bailey et al., 1968; Singhal et al., 1972) . Adsorption is affected by pH, exchangeable cations, and other environmental conditions (Singhal et al., 1974) . Adsorption isotherms and titration curves have been utilized by chemists to provide information on the mechanism of interaction of organics with clays. Giles et al. (1960) have classified the various shapes of adsorption isotherms with respect to the reaction mechanism concerned. Encouraged by the earlier results on adsorption of telone by kaolinite (Singhal et al., 1976) it was considered useful to extend the investigations on the mechanism of adsorption and interaction of telone to montmoritlonites.
MATERIALS AND METHODS
The montmorillonite used in these studies was from Akli (Rajasthan), India. Its mineralogical composition was verified by X-ray diffraction. A less than 2 p fraction, obtained by repeated dispersion and centrifugation, was converted into Na-and H-saturated montmorillonites by the method of Aldrich and Buchanan (1958) . Care was taken to see that it was free from chloride ions. The concentration of the suspensions was 1~o in both cases.
Adsorption of telone was determined by adding different amounts of an alcoholic aqueous solution (10 g/l) of telone to 10 ml each of the appropriate clay suspension in glass stoppered tubes. An alcoholic .solution had to be used due to very low solubility of telone in water. The mixtures were diluted to 25 ml with alcohol and water so that the alcohol content of the slurry was minimum and the same in all cases. After intermittent shaking and standing for 72 hr at a temperature around 30~ the pH and electrical conductance of the mixtures were recorded. The suspensions were then centrifuged. Since the supernatants showed the formation of a chloride, the chloride ions and the residual telone, if any, were estimated in the supernatants (Scott, 1939) with and without refluxing the supernatants with N alcoholic KOH. The difference gave the amount of telone remaining in the equilibrium liquids after adsorption. The amount of adsorbed telone was determined as the difference between the amount of telone added and remaining after contact with clay. The results of adsorption, the pH and conductivity variations are represented in Figs. 1-3. The BEC of the day determined by Ganguli's (1951) method was 90 m-equiv./100 g clay.
For the X-ray powder diffraction analysis less than 2 p H-and Na-montmorillonite suspensions were placed on glass slides and allowed to dry to form a well oriented layer. Similar samples of H-montmorillonite-telone complex and Na-montmorillonitetelone complex with telone in excess of BEC were carefully dried and oriented on glass slides. X-ray powder diffraction patterns were recorded both with the air dry and heat treated (at 550~ for one hour) samples on a Philips diffraction unit at a speed of 2 Q 20/min using filtered CuKc( radiation. Glycerine treatment was also done in case of the complexed samples. Basal spacings in A are given in Table 1 .
RESULTS AND DISCUSSION
The results of adsorption of telone on H-and Nasaturated montmorillonite suspensions in the equilib, rium concentration range of 0 to 3.6 mmoles telone/1 yielded isotherms (Fig. 1 ) which were similar to class H (high affinity) plue C (constant partition or linear rising) as defined by Giles et al. (1960) . Although the isotherms did not coincide in the two cases, they show three clearly defined portions, First a high affinity curve with a long fiat plateau up to an adsorptive value of 45 mmoles telone/100 g and a pH of 3.0 in the case of the H-saturated system and a value of 28 mmoles, a pH value of 6.8 and a short plateau in the case of the Na-montmorillonite. Second a series of high affinity curves with a second plateau in the case of H-montmorillonite only. This H section was beginning to change to a plateau in the case of the Na-material but had not yet done so. The high affinity sections of the curves almost certainly represented some form of chemisorption (Huang et al., 1970) which must be taking place in the different regions of the structure like the planar and lateral sites; the lateral site as indicated by the plateau being available after the saturation of the planar. The ending of these sections at 90 mmoles coincided with the BEC of the clay. As these sites were saturated one after another, new adsorption sites opened up due to the pressure of the adsorbate molecules beyond the exchange capacity producing the linear rising or C sections of the curves (Giles et al,, 1974) . These continued to well above the BEC and were due to slow penetration and swelling of the substrate micropores with telone with or without the solvent. The results were in agreement with the work of Greenland, Laby and Quirk (1962) who obtained linear isotherms for adsorption of amino acids on Ca-montmorillonite from water and were able to show by X-ray measurements that the clay structure was steadily swelling as more solute was adsorbed. Reversibility of adsorption was tested by repeated treatments with KNO3 solutions added up to five times the BEC followed by washing with deionised alcoholic water. No desorption occurred. This fact along with the strong binding of the chemical was in agreement with occurrence of irreversible chemisorption and penetration in the substrate micropores.
Over quite a substantial range of equilibrium concentration a larger amount of telone was adsorbed on the Na-clay than on the H-montmorillonite. This was in agreement with the greater deflocculation effect and larger surface area exposed by the Na-clay in comparison to H-clay. The nature of the exchangeable cation thus determined the order of adsorption. The addition of telone to the acid and base saturated montmorillonites showed pH and electrical conductivity variations as shown in Figs. 2 and 3 . The curves exhibit inflexions at about the BEC of the montmorillonite. The supernatants revealed the formation of chloride ions in increasing quantities. These changes were highly significant and provided a strong evidence on the mechanism of chemisotption of the organic chemical on H-and Na-montmorillonite surfaces. The unsaturated nature of the dichloropropene molecule indicated that the methylene group being allylic could be more easily replaced than the vinylic chlorine giving a reaction with H montmorillonite as follows: C1 \ C_.-----CH----CH2----C1 + H e mont e / chemisorption of telone on the planar and lateral surfaces of montmorillonites followed by penetration of the solute into the substrate micropores. Treatment of the complex with glycerine resulted in a further expansion of basal thickness. Such an order of expansion for glycerine adsorption has been noticed by other workers (Grim, 1953) also. Heat treatment at 550~ as expected, completely expelled the organic molecule.
